Fisheries acoustics technology has been extensively used for surveys of small organisms such as zooplankton. 1-3) These organisms, however, have a variety of body shapes and physical properties and so their acoustic scattering characteristics are sometimes very complicated at the acoustic frequencies ordinarily used. Further, their target strength (TS) is small and difficult to measure.4) These restrictions mean that the prediction of TS or the quantitative observation of small organisms must depend heavily on theoretical models. [4] [5] [6] Theoretical models for scattering problems of small organisms are also being used more frequently for the following reasons: (1) The multi-frequency sonar method which depends on the scattering model is now in practical use 7-9); (2) Acoustic surveys of Antarctic krill Euphausia superba, which are important to fisheries and therefore require proper management, have been conducted inter nationally.10) A new TS measurement of kri11) revealed that the previously recommended expression10) gave values of TS too high by more than an order of magnitude. Studies on krill scattering are thus very relevant. 12) The target organism of this paper is Antarctic krill. This is one species of krill Euphausiids which is abundant and industrially and ecologically important in the world's oceans. The organism is similar in shape and body composition to many zooplankton in acoustic terms. Therefore, we may consider the Antarctic krill as a representative acoustic scatterer of small organisms in the ocean and the results of this paper may be applied to many other organisms with similar shape and body material. For convenience's sake, Antarctic krill will be referred to hereafter as krill.
Greenlaw13) cited Yeh14) and suggested that a prolate spheroid could be an effective scattering model for krill-like organisms. Furusawa4) took up this suggestion and using prolate spheroid models, derived the general trend of the scattering characteristics of ordinary bladder fish and bladderless organisms such as krill. The aim of the study, however, was to derive the general scattering characteristics, so general parameters were used for the calculation. The need for a theoretical model and Foote's timely report15) Figures 3 and 4 suggest that there should be a large variation in TS according to variations in the orientation distribution of krill. Sameoto3) and Endo20) showed that the orientation of krill is very variable compared with fish and tends to be positive (head up). This may come from planktonic characteristics; they may have an upward posture because of the lack of swimbladder.
The fact that the orientation variation is large and that the scattering pattern is sharp doubly makes the variation in TS large. Fortunately, however, as seen in Fig. 4 if orientation has a proper distribution, then the range of TS variations becomes considerably small.
There have been few studies on the orientation dis tribution of krill, yet such studies are crucial for designing methods of estimating krill abundance. On the other hand, since the observed value of TS is governed by the orientation of krill, we may be able to develop some method to detect krill orientation by combining some acoustic observation methods.
Effect of Density and Sound Speed
The density and sound speed contrasts we used in the present calculations (see Table  1 
